Objective. To describe the prevalence of lipid abnormalities found in the Mexican National Health and Nutrition Survey 2006 (ENSANuT 2006). Material and Methods. Information was obtained from 4 040 subjects aged 20 to 69 years, studied after a 9-to 12-hour fast. Results. Median lipid concentrations were: cholesterol 198.5 mg/dl, triglycerides 139.6 mg/dl, HDL-cholesterol 39.0 mg/dl, non-HDL-cholesterol 159.5 mg/dl and LDL-cholesterol 131.5 mg/dl. The most frequent abnormality was HDL-cholesterol below 40 mg/dl with a prevalence of 60.5% (95%CI 58.2-62.8%). Hypercholesterolemia (≥ 200 mg/dl) had a frequency of abnormality of 43.6% (95%CI 41.4-46.0%). Only 8.6% of the hypercholesterolemic subjects knew their diagnosis. Hypertriglyceridemia (≥ 150 mg/dl) was observed in 31.5% 
C hronic non-transmissible diseases are the primary health problem in Mexico, with coronary heart disease and diabetes as the first and second causes of death in Mexico, respectively, followed by stroke.
1 Detection and treatment of lipid disorders are key to the prevention and management of clinical outcomes of chronic non-transmissible diseases. Two nationally representative population-based surveys have shown that lipid abnormalities are the most common cardiovascular risk factors among Mexican adults, 2, 3 and hypoalphalipoproteinemia, followed by hypertriglyceridemia, were the abnormalities with the highest prevalence. In addition, 11.7% of Mexican adults have an LDL-cholesterol concentration high enough to qualify for pharmacological treatment. 4 The large percentage of the Mexican population affected by lipid disorders is explained by the interaction of genetic and environmental factors. Risk alleles for having either hypertriglyceridemia or hypoalphalipoproteinemia have a significantly higher frequency among Mexicans compared to other populations. 5 This genetic susceptibility interacts with several environmental factors, such as diets containing large amounts of fat, carbohydrates and calories which are common in this population. 6 Other major contributors include tobacco and alcohol consumption and a sedentary lifestyle. Because the Mexican population is aging, 7 a periodic assessment of the prevalence of cardiovascular risk factors is necessary. This information will help to predict cardiovascular mortality trends for the following years and to design preventive strategies to cope with this health problem.
During 2006, the Ministry of Health of Mexico conducted the National Health and Nutrition Survey, (Encuesta Nacional de Salud y Nutrición, ENSANuT 2006) to estimate the prevalence of obesity, type 2 diabetes, renal pathology, hypertension and dyslipidemia, among many other health conditions. The objective of the report herein is to describe the prevalence of lipid abnormalities in this survey. Results are presented using an epidemiological and a clinically-oriented approach.
Material and Methods

Population sample
The objectives and design of the survey have been published elsewhere. 8 In summary, this is a cross-sectional study designed to be representative of individuals living in metropolitan areas (state capitals or cities with a population over 100 000), and urban (population 2 500 to 99 999 inhabitants) and rural settings (less than 2 500 inhabitants). A multistage, stratified probabilistic sampling procedure was used. The country was divided into four regions (northern, westcentral, central and southern). All of the states in Mexico were included and a random sample of Basic Geographical Statistical units was obtained in each state. Neighborhood blocks were randomly selected, and for each home, one randomly selected adult, adolescent, infant and health service user was invited to participate. Military, religious, health and other institutions were excluded. A target of 4 731 individuals and 1 476 households was estimated for every state. The sample size was considered to be able to detect risk factors at the state level, with a prevalence of at least 8.1% and a relative error of estimation of 0.25, a design effect of 1.7 and a non-response rate of 20%. The number of households was increased to 1 620 in 13 states to assure enough power to be representative of the communities participating in the Oportunidades program. The total number of households was 48 600. This sample size allows for assessing conditions with a prevalence equal to or greater than 0.4%. The study was conducted in accordance with the Helsinki Declaration of Human Studies. Informed consent was obtained from each participant, with a separate consent form signed by participants who provided blood samples. The research and ethics committees of the Instituto Nacional de Salud Pública approved the study protocol.
Personal interview
A general structured interview was conducted. A previously standardized questionnaire was used to obtain information on demographic and socioeconomic aspects, family health history, personal medical history, and lifestyle factors. During the same visit, anthropometric and blood pressure measurements were obtained. Systolic (1st-phase) and diastolic (5th-phase) blood pressures were measured to the nearest even digit with a sphygmomanometer with the subject in the supine position after a 5-minute rest. Participants removed their shoes and upper garments. Height was measured to the nearest 0.5 cm. Body weight was measured on a scale calibrated daily and recorded to the nearest 0.1 kg. Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ) and was used as an index of overall adiposity. The equipment was regularly calibrated using reference samples provided by the manufacturer.
Methods
Blood samples were obtained from approximately 30% of the adult population. A random sub-sample of subjects with 8 or more hours of fasting was obtained (n=6 613). This report includes the results of 4 040 subjects who had the 9-to 12-h fasting period required for a complete lipid profile. These cases were randomly distributed among study subjects. No differences were found between this study's sub-sample and the ENSANuT 2006 population as a whole with regard to age (p=0.49), sex (p=0.34) and body mass index (p=0.59). All analytical measurements were performed at the Instituto Nacional de Salud Pública. The sampling procedure was standardized during a two-week training course. The subjects were sampled at their homes and they remained sitting for five minutes before the blood was drawn.
Total cholesterol was determined using enzymatic hydrolysis and oxidation. Triglycerides concentration was measured after lipase hydrolysis in an automatic analyzer with a tungsten lamp (Prestige 24i, Tokyo Boeki Medical System LTD, Tokyo, Japan). The interassay CV was 3.04% for total cholesterol and 5.7% for triglycerides. HDL-cholesterol was measured using an enzymatic colorimetric direct method after eliminating chylomicrons, VLDL, and LDL by enzymatic digestion; the interassay CV was 5.02%. To assure the precision and exactitude of the determinations, concentrations of total cholesterol, HDL-cholesterol and triglycerides were adjusted to a standard curve constructed with the determinations of NIST standard reference materials 909b and 1951b, levels I and II, using a 1:1 dilution. LDL-cholesterol concentration was estimated with the Friedewald formula.
9 Cases with triglycerides above 400 mg/dl were not considered for the estimation of the corresponding LDL-cholesterol values (n=39).
Definitions
Hypertriglyceridemia was defined as a fasting plasma concentration ≥ 150 mg/dl. Hypercholesterolemia was defined as a total cholesterol ≥200 mg/dl. Hypoalphalipoproteinemia was considered present if HDLcholesterol was < 40 mg/dl. Mixed hyperlipidemia was defined by the presence of cholesterol ≥ 200 mg/dl plus triglycerides ≥ 150 mg/dl. Normotriglyceridemic hypoalphalipoproteinemia was defined as HDL-cholesterol < 40 mg/dl and triglycerides < 150 mg/dl. These cut points were selected based on National Cholesterol Education Program recommendations. 10 Overweight was defined as BMI 25-30 kg/m 2 and obesity as BMI ≥ 30 kg/m 2 . Diabetes was diagnosed if there was a previous medical diagnosis or in the presence of a fasting plasma glucose value ≥ 126 mg/dl and no previous history of diabetes. Hypertension was diagnosed when the systolic pressure was ≥ 140 mm Hg and/or diastolic pressure was ≥ 90 mm Hg and/or current use of antihypertensive medications. Blood pressure was measured twice during two different visits if the initial measurement was ≥ 120/80.
Statistical analysis
The database was validated through recognition of missing values, outliers and inconsistencies between variables. Due to the characteristics of the survey design, the sample was analyzed as a complex sample using SPSS for Windows version 15. Weights were assigned to correct potential deviations from the age and sex distribution reported in the 2000 population census. Data are presented as medians and 95% confidence intervals (95%CI). Sex-specific estimates were calculated by age group for total cholesterol, HDL-C and triglycerides. The sex-specific prevalence and 95%CI of hy percholesterolemia, hypoalphalipoproteinemia, hypertriglyceridemia, hypertriglyceridemia with hypoalphalipoproteinemia and mixed dyslipidemias were calculated by age and sex groups.
Results
A total of 4 040 adult cases (1 871 men and 2 169 women) were included in the study. The median age was 40.3 years (95% CI 39.5-40.9). Almost half had an elementary educational level or less (47.9%, 95% CI 44.4-51.5%) while 9.8% (95% CI 7.7-12.4%) had a degree. Median lipid concentrations were: cholesterol 198.5 mg/dl, triglycerides 139.6 mg/dl, HDL-cholesterol 39.0 mg/dl, non-HDL-cholesterol 159.5 mg/dl and LDL-cholesterol 131.5 mg/dl. Table I shows the median lipid concentration (95%CI) for age and sex groups. After controlling for age, women have higher concentrations of cholesterol, non-HDL-cholesterol and HDL-cholesterol, whereas men had higher triglycerides levels. Differences remained unaltered after controlling for BMI. As expected, a trend for higher cholesterol and triglycerides levels was observed as subjects aged (p<0.05 for all lipid parameters). No significant differences for HDL-cholesterol concentrations were found among age groups.
The medical diagnosis of hypercholesterolemia was done prior to the survey, with a finding of 8.6% (7.2-10.1%); the percentage was less for hypertriglyceridemia (3.8%, 3.0-4.9%). No differences were found between sexes in this regard. Of those with a medical diagnosis of hypercholesterolemia, 71.8% (63.9-78.5%) have received treatment; the percentage was similar for those with the medical diagnosis of hypertriglyceridemia (77.6%, 66.2-86.0%). Drug therapy has been prescribed in a large proportion of treated cases [77.1% (67.8-84.3%) for cases with hypercholesterolemia and 83.6% (71.5-91.2%) for those with hypertriglyceridemia]. Diet was the sole therapy for 21.2% and 16.4% of subjects with hypercholesterolemia and hypertriglyceridemia, respectively.
When comparing with previously diagnosed subjects with hypercholesterolemia, median age (49.3 vs. 39.5 years old, p<0.001), triglycerides (167.4 vs. 137.1 mg/ dl, p<0.001), cholesterol (214 vs. 197 mg/dl, p<0.01) and non-HDL-cholesterol (174.9 vs. 158 mg/dl, p<0.001) concentrations were significantly greater. No differences in plasma lipids levels were found among cases that had received any form of lipid lowering therapy compared to the rest of the population.
Prevalence of isolated lipid abnormalities
Prevalences for hypertriglyceridemia, hypercholesterolemia and hypoalphalipoproteinemia are shown in (Table III) Environmental factors are major determinants of the prevalence of lipid disorders. For example, hypercholesterolemia was found mainly in metropolitan areas or in subjects living in central or northern Mexico. Its prevalence was not significantly influenced by education level or socioeconomic status, although a trend for a higher prevalence was observed among individuals with medical services provided by ISSSTE (social security and services institute for federal employees)
Sociodemographic characteristics of patients with lipid disorders
Hypertriglyceridemia was also more often seen in adults living in metropolitan areas, as well as those living in central Mexico. Its prevalence was also not influenced by education level or socioeconomic status, and it was more common in subjects with access to medical services provided by ISSSTE.
Conversely, low HDL-cholesterol levels were more common in subjects living in rural communities or in southern Mexico. No difference was observed related to education, although a trend for a higher prevalence was observed in lower income groups. Prevalence of lipid phenotypes (Table IV) Lipid abnormalities could be due to multiple etiologies and are associated with different cardiovascular risk factors. This is especially true for hypertriglyceridemia. Thus, the crude description of the prevalence of isolated lipid abnormalities is a gross estimation of the lipid-related cardiovascular risk of a population. A more precise description is obtained when the lipid abnormalities are grouped as lipid phenotypes. The simultaneous elevation of cholesterol and triglycerides concentrations is the lipid profile associated with the highest atherogenic risk and was observed in 18.2% (95%CI 16.3-20.2%) of the population. Its prevalence increased in direct proportion with age, reaching its maximum in the 40-49 age group. Hypertriglyceridemia/hypoalphalipoproteinemia, also having an atherogenic profile, was observed in 18.3% of the general population; the prevalence was significantly higher in men compared to women (p < 0.01). In addition, isolated hypercholesterolemia, which is also associated with an increased cardiovascular risk, was observed in 25.3% of the population. Finally, isolated hypertriglyceridemia was found in 13.3% of study subjects. Normal concentrations of both cholesterol and triglycerides were found in 43.1% (95%CI 40.7-45.6%) of participants. However, as shown in Table IV , more than 60% of Mexican adults aged 50 or older are at risk of having cardiovascular outcomes based on their cholesterol and/or triglycerides concentrations.
Lipid abnormalities in cases with excess body weight and type 2 diabetes (Table V) In our study sample, 1 534 participants were overweight and 1 240 were obese. As shown in Table V , the prevalence of lipid abnormalities was similar between obese and overweight cases. Hypoalphalipoproteinemia was the most frequent lipid abnormality; its prevalence was significantly higher compared to that found among lean subjects. The prevalence of hypertriglyceridemia was two times higher in individuals with excess body weight compared to the lean group. Excess body weight had no effect on either mean LDL-cholesterol concentration or the prevalence of high LDL-cholesterol levels (>130 mg/ dl). Nevertheless, patients with a BMI above 25 kg/m 2 have a higher prevalence of several atherogenic profiles (i.e. mixed hyperlipidemia). Type 2 diabetes was present in 488 subjects; 40% were obese. Patients with diabetes and obesity had higher triglycerides and non-HDL-cholesterol concentrations compared to normoglycemic obese individuals, in addition to a higher prevalence of mixed hyperlipidemia. An LDL-cholesterol concentration above 100 mg/dl was found in 74.8% (95%CI 72.5-76.9%) of individuals previously diagnosed with diabetes. However, only 7.6% (95%CI 6.3-9.1%) of those were previously diagnosed as having hypercholesterolemia.
Discussion
Two previous nationally representative populationbased surveys 2,3 and several regional studies 11, 12 had found that dyslipidemia is the most frequent cardiovascular risk factor in Mexican adults, while the National Health and Nutrition Survey 2006, which expands this information, finds that close to 60% of Mexican adults have hypoalphalipoproteinemia (< 40 mg/dl). In addition, hypercholesterolemia (cholesterol ≥ 200 mg/dl) is present in 43.6% and hypertriglyceridemia (triglycerides ≥ 150 mg/dl) was observed in almost 30% of the population. Several atherogenic lipid phenotypes were frequent in this population, with isolated hypercholesterolemia, mixed hyperlipidemia, and the combination of high triglycerides/low HDL being the most common. The majority of cases remain undiagnosed despite the high prevalence of these conditions. These data will be useful for planning future cardiovascular prevention programs Based on the results reported herein, it is estimated that there are 14.8 million Mexican adults with hypercholesterolemia and 10.6 million with hypertriglyceridemia. In addition, 20.5 million have low HDL-cholesterol levels and 6.1 million adults have mixed hyperlipidemia, which is the lipid profile associated with the greatest risk of having cardiovascular events. These numbers summarize the challenge that lipid disorders represent for the Mexican health system.
Dyslipidemias are caused by the interaction of genetic and environmental factors, and Mexicans have a genetic susceptibility for having abnormal plasma lipids, 5 while Mexican-Americans are the ethnic group living in the uS with the highest prevalence of hypoalphalipoproteinemia and hypertriglyceridemia.
13 Several susceptibility alleles for having abnormal concentrations of HDL-cholesterol and triglycerides are common in our population, such as the R230C variant of the ATPbinding cassette transporter A-1 14 and several alleles of the LIPC, CETP, MLXIPL, LPL and the ApoAI-CIII-AIV-AV genes. 15 In addition, the high consumption of either simple carbohydrates or fat (and alcohol in some groups) and the growing number of adults with a sedentary lifestyle contribute to the high prevalence of hypertriglyceridemia and low HDL-cholesterol. Mexican adults consume a large amount of their calories (a mean of 359) as soft drinks and other sugar-rich beverages.
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As an expectable result, the prevalence of obesity grew from 23.7% in 2000 to 30.8% in 2006. 7 The contribution of some environmental factors was also assessed in the report herein. Both hypercholesterolemia and hypertriglyceridemia were found mainly in individuals living in metropolitan areas or in central or northern Mexico. Its prevalence was not influenced by education level or socioeconomic status. Conversely, hypoalphalipoproteinemia was more common in subjects living in rural communities or in southern Mexico; a trend for a higher prevalence was observed in subjects who declare themselves as native Mexicans or in the lowest income stratum.
We expect to find a significant growth in the prevalence of all lipid disorders compared to that found in 1994 and 2000. This hypothesis was true for hypercholesterolemia. Our report confirms the growing trend observed between 1993 and 2000. Mean cholesterol concentrations increased from 182 to 198.5 mg/dl between 1993 and 2006. Deterioration of cholesterol concentrations was more severe in women (from 171 to 202.9 mg/dl) compared to men (from 178 to 193 mg/dl). As a result, the prevalence of hypercholesterolemia grew from 27.1% in 1993 to 43.6% in 2006. While an increment was observed in all age groups during this period, the extent of the change was significantly greater in young adults (from 13.9% to 34.8% in the 20-29 age-group) compared to that found in older subjects (from 45.2 to 55.2% for the 50 to 59 age-group). This remarkable change in the prevalence of hypercholesterolemia was seen in both young men (from 17.4 to 33.5% in the age group 20-29) and women (from 11.1 to 36.0%). 17 The trend found in Mexican adults is unlike that seen in the uS. 18 Though mean cholesterol levels have decreased in recent years due to the frequent use of statin therapy in older adults, 60.5% in the 1993, 2000 and 2006 surveys, respectively). This is in accordance with the strong genetic component of HDL-cholesterol levels. 20 In addition, the components of an unhealthy lifestyle may have mixed effects on HDL-cholesterol levels. For example, the lowering effect of obesity on mean HDL-cholesterol concentrations 21 may be offset by the raising effect of a higher fat intake. 22 Finally, mean triglycerides levels were lower in this survey as compared to previous reports (213 in 1993 vs. 139 mg/dl in 2006). This surprising result may be due to changes in the sampling process that occurred between surveys. For the current study, patients were contacted one day prior to the interview and were asked to have been fasting when the blood sample was scheduled. Interviewers confirmed the fasting conditions of the participants. Since triglycerides values are strongly influenced by the sampling process, 23 we believe that the additional precautions may have influenced the results reported herein.
Data shown in Table V are an example of the well-known deleterious effect of obesity and type 2 diabetes on plasma lipids. Excess body weight (BMI ≥25 kg/m 2 ) is associated with increased concentrations of triglycerides and non-HDL-cholesterol with or without hypoalphalipoproteinemia. 24 Hyperglycemia heightens the severity of these abnormalities and increases the proportion of cases with abnormal plasma lipid levels. 25 Although diabetes is not associated with high LDL-cholesterol levels, a large proportion (74.8%) of previously diagnosed individuals with diabetes had an LDL-cholesterol level above the recommended threshold; and yet, only 7.6% of those were previously diagnosed as having hypercholesterolemia. These observations reinforce the urgent need to train physicians and patients to systematically identify and treat lipid disorders, since this intervention has proved to be costeffective to reduce the macrovascular complications of type 2 diabetes.
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The limitations of the study should be recognized. Differences in analytical methods may limit our ability to make direct comparisons between reports. Also, we were not able to assess the impact of lipid lowering therapies. Regrettably, the questionnaire did not include enough information to assess adherence to therapy.
Conclusions
Our data confirm that the prevalence of hypoalphalipoproteinemia and other forms of dyslipidemia is high in Mexican adults. Preventive programs are urgently needed in Mexico to face the challenges that lipid disorders represent. Our health and education systems must be redesigned to confront chronic disorders (such as dyslipidemias) and to reverse the adoption of unhealthy habits. The majority of cases remain undiagnosed despite the high prevalence of these conditions. Primary care physicians should be trained to properly identify and treat such conditions. In addition, the population should be educated to adopt a healthy lifestyle; otherwise, the continuous increase in life expectancy achieved over the past few decades will end in the near future.
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